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zigzag cross-roll 2
Eckhaus instability, Oscillatory instability, knot instability, skewed
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Gollub &Benson (1980), Ahlers &Behringer (1978), Libchaber, Fauvre&
Laroche (1983) Curry (1978), Yahata (1983)
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$R= \frac{\gamma g\delta\theta d^{\}}{\nu\kappa},$






$\frac{\theta\Delta\psi}{\theta t}-P\Delta^{2}\psi+PR\frac{\theta\theta}{\theta ae}=J(\psi, \Delta\psi)$ , (2)
$\frac{\theta\theta}{\theta t}+\frac{\theta\psi}{\theta ae}-\Delta\theta=J(\psi, \theta)$ , ($)
$J(f, g)$
$J(f, g) \equiv\frac{\theta(f,g)}{\theta(ae,z)}$ ,
$\Delta$ ( $x$ , z)- 2
$\Delta\equiv\frac{\theta^{2}}{\theta x^{2}}+\frac{\theta^{2}}{\theta z^{2}}$ .
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$\psi$ $\theta$




$\psi=\sum_{n=-\infty}^{\infty}\phi_{n}e^{in\alpha x}$ , $\theta=\sum_{n=-\infty}^{\infty}\theta_{b}e^{in\alpha x}$ , (5)
$\phi_{n}$ $\phi_{-n}=-\phi_{n}$ $\theta_{n}$ $\theta_{-n}=\theta_{n}$
$\phi_{n}$ $\theta_{\pi}$






(6), (7) , $n=1$
, $\theta/\theta t$ $\alpha c_{i}$
(4)
$z=-1$ $z=1$ $z$
















1. . 2. \alpha ci . $P=7.O$ .
. .
, $\phi_{n}$ \mbox{\boldmath $\theta$}n $\phi_{\pi},$ $\theta_{?b}$
$\phi_{\pi}=i\sum_{m=0}^{M}a_{nm}(1-z^{2})^{2}T_{2m+1}(z)$ , $\theta_{\pi}=\sum_{m=0}^{M}b_{nm}(1-z^{2})T_{2m+1}(z)$ . (8)
$T_{n}(z)$ $n$ (2), (3)
$\theta/\theta t=0$ $2(N+1)(M+1)$ $m$ $b_{nm}$
.
$P=7.0$ $z=$ -1/\mbox{\boldmath $\psi$} $w_{1}\equiv i\alpha\phi_{1}$ $
3 $R=1200$ 1









$w_{1}\equiv i\alpha\phi_{1}$ . $P=7.O$. $R=1600$ .
4.
,















5. $z=0$ $w_{1}\equiv i\alpha\phi_{1}$ ( )
$w_{1}$ ( ) .





, Dangelmayr (1986), Dangelmayr &Armbruster (1986)
(10) (11) 6 $P=7.0$
$R=1500$ $w_{1}$ $\alpha\simeq 1.85$ $2(\alpha c:)_{\alpha=1.85}$ \simeq (\alpha ci)\alpha =$.\mbox{\boldmath $\tau$}o
, , $1.67\leq\alpha\leq 2.07$ (11) $\lambda_{11}$
, $\alpha>2.10$ $\lambda_{2}$ , (9) $w_{1}$
,
, $\alpha\leq 3.98$ ,
$\alpha=\alpha_{1}>398,$ $A_{1}\neq 0,$ $A_{2}=0$ ,
$\alpha=\alpha_{1}/2,$ $A_{1}=0,$ $A_{2}\neq 0$











6. $w_{1}$ . $P=7.O$ . $R=1500$.
, \alpha 1







$N$ $\Delta\alpha\cross n(n=1,2, \ldots, N)$ $N$
$\Delta\alpha=\alpha_{\max}/N$ (2), (3)






7. . $R=10000,$ $d_{np}=-1.0$ .
(12) ,
\alpha , (12)




(12) $f_{\pi p}\equiv 0$ $p+q\neq 0$ $g_{npq}\equiv 0$
(12)
$\frac{dA_{n}}{dt}=a_{n}A_{n}+\sum_{p}d_{\tau np}A_{p}^{2}A_{n}$ , $n=1,2,$ $\ldots,$ N. (13)
(13) $A_{n\epsilon q}=$
$\sqrt{-a_{n}}/d_{nn}$
$q\neq n$ $q$ $a_{q}<a_{?b}\cross d_{qn}/d_{nn}$ , $a_{q}>$










8. . $R=10000,$ $b_{np}=-\.9,$ $c,’=S.9$ .
2 , $d_{np}$
$d_{np}\equiv-1.0$ $A_{\pi}=0.01(n=1,2, \ldots, N)$














$A_{1}=001,$ $(n=1,2,3, \ldots, N)$ $R=\cdot 10000$ 8
$A_{n}$
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9. . $R=10000$ (a) $-b_{np}=$
$c_{p}=\beta=\theta.9$ . (b) $\beta=4.0$ . (c) $\beta=4.$ . (d) $\beta=4.4$ . (e) $\beta=4.6$ . (f) $\beta=80$
(g) $\beta=6.0$ (h) $\beta=10.0$ .
$\beta$ , $\beta<3.9$
$\beta=39$ \omega 1 $=1.95$ $\beta=4.0$
\omega 1 $=0.98,$ $\omega_{2}=2.16,$ $\omega_{\}=3.15,$ $\omega_{4}=4.13$ 2
, $\beta$ 4.1
$\beta$ $\beta=43$













10. $A(t)$ . $R=10000,$ $-b_{np}=$ , $=\beta=5.0$ .
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